Abstract Latina women are less likely to utilize cancer screening services than are non-Latina White women. The purpose of this study is to examine the relationship between preferred language (English vs. Spanish) and receipt of mammography and Pap-smear testing among US Latinas and non-Latinas. Cross-sectional analysis of the 2008 and 2010 Behavioral Risk Factor Surveillance System (BRFSS) surveys. While Latinas responding to the BRFSS in English or in Spanish had unadjusted lower odds of receiving mammography testing, in multivariable analysis Latinas responding-in-Spanish had 2.20 times the odds (OR = 2.20, 95 % CI, 1.90-2.55) of reporting mammography compared to non-Latinas. Similarly, Latinas responding-in-Spanish had lower unadjusted odds of receiving Pap-smear testing. However, Latinas responding-in-Spanish had 2.37 times the odds (OR = 2.37 CI, 2.04-2.75) of reporting having received Pap smear testing compared to non-Latinas in multivariate analysis. The results of this paper further confirm the ''reversed associations'' among Latinas and mammography and Pap smear testing described in previous studies and suggest that in addition to insurance status, preferred language may be a key variable contributing to the reversal phenomenon observed among Latinas.
Introduction
In the United States, mortality from breast cancer is decreasing and cervical cancer deaths have rapidly declined over the past several decades [1] . However, these declines in mortality are not distributed equally among women of different ethnicities. Latina women are less likely to be diagnosed with early stage breast cancer than non-Latina Whites [2] and to subsequently die of breast cancer than non-Latina White women [3] . Additionally, cervical cancer incidence rates among Latina women are approximately 70 % higher and death rates nearly 50 % higher than among non-Latina Whites [4, 5] . Despite evidence-based guidelines recommending routine breast and cervical cancer screening [6] [7] [8] , Latina women are less likely to utilize cancer screening services [3] , and have lower breast and cervical cancer screening rates compared to non-Latinas [9] . Approximately 50.5 million Americans, or 16 % of the total US population, identify themselves as Hispanic or Latino [10] . Therefore, it is critical to identify and investigate potential causes of the outcomes disparity in breast and cervical cancer among Latina women in the United States.
Prior studies have examined screening disparities and highlight the importance of health care accessibility, distinct cultural attitudes, provider bias, and language barriers between providers and patients [11] [12] [13] . Racial and ethnic disparities have been shown to result in part from differences in socioeconomic status, insurance status, type and availability of health care services, patient preferences, and acculturation [14] , but these only partially explain screening disparities [15] . Several studies have found that English-proficient women are more likely to receive and follow screening recommendations and that speaking a language other than English is negatively associated with receipt of cancer screening services [16] .
In a prior analysis of the BRFSS, we found a negative association between Spanish language use and colorectal cancer (CRC) screening. Even after controlling for potential confounding variables, compared to Latinos who responded to the BRFSS in English, Latinos who answered the BRFSS in Spanish had 0.64 times the odds of reporting having received CRC testing within recommended guidelines [17] . The purpose of this study was to examine the relationship between preferred language use (English versus Spanish) and self-reported receipt of mammography and Pap smear testing among US Latinas and non-Latinas.
Methods

Data Source and Population
We conducted a cross-sectional analysis of the Centers for Disease Control and Prevention's (CDC) Behavioral Risk Factor Surveillance System (BRFSS) 2008 and 2010 surveys [15] . The study sample for this analysis included adult women who completed the 2008 or 2010 BRFSS in a state that administered and recorded data from English and Spanish-speaking respondents. Women aged 21-64 years who had not had a hysterectomy and were not pregnant were included in the study sample for Pap smear testing, while responses from non-pregnant women aged 40-64 years were included to assess receipt of mammography. Although the CDC provided states with English and Spanish versions of the BRFSS surveys, not all states administered the surveys in Spanish. States that had data on fewer than 50 surveys completed in Spanish were excluded. Given differences in health care delivery between the US territories and the states, the territories were excluded.
Study Variables
Our dependent variables were the reported receipt of tests for breast and cervical cancer screening which we analyzed separately. We operationalized these variables using BRFSS questions regarding mammography and Pap smear testing. Respondents aged 40-64 years were considered screened for breast cancer if they reported receipt of a mammogram within the last 2 years. Respondents were considered to have been screened for cervical cancer if they reported receipt of a Pap smear within the past one year for women aged 21-29 years and within the last 3 years for women aged 30-64 years.
Our main independent variable was the preferred language of survey respondent, English versus Spanish. We classified participants as ''responding-in-English'' if the corresponding survey was coded in the BRFSS data set as being conducted in English or ''responding-in-Spanish'' if the survey was coded as being conducted in Spanish. The BRFSS provides no information about the level of English proficiency or the respondents' preferred language. Respondent language was further stratified by self-reported Hispanic/Latino race/ethnicity. The main independent variable was thus divided into three categories of exposure: non-Latinas responding-in-English (non-Latinas), Latinas responding-in-English, and Latinas responding-in-Spanish. Respondents that did not have an identified language of response or did not report Latina/Non-Latina status were excluded from the analysis.
Demographic characteristics for the study sample included age, marital status, employment status, geographic region as defined by the US Census (i.e. Northeast, Midwest, South, and West) [18] , and urban versus suburban/rural status. Race and ethnicity were incorporated into the main independent variable. Education and income were combined to define an indicator variable for low socioeconomic status (SES). Low SES was defined as less than a 12th grade education and/or annual income of less then $20,000 [19, 20] . In addition to these factors, we included as potential covariates the presence of an identified health care provider, health insurance, smoking status, respondent's body mass index and perceived general health (Table 1) . Given a potential interaction between the independent variable and health insurance status, we also conducted separate analysis for respondents with and without medical insurance.
Statistical Analysis
Respondent characteristics were calculated using standard means for continuous variables and proportions/frequencies for categorical variables. Chi-squared tests were used to examine the relationships between the dependent variables, receipt of mammography and Pap smear, and the ethnicity/ language independent variable, as well as each potential confounder. Covariates included age, marital status, geographic region, urban versus suburban/rural status, socioeconomic status, employment status, identified health care provider, smoking status, body mass index, and perceived general health. Logistic regression was used to estimate crude odds ratios (OR) between the three ethnicity/language categories and the receipt of screening tests, as well as between the covariates and receipt of screening tests. If the OR for the ethnicity/language variable adjusted for each potential covariate resulted in at least a 10 % difference from the unadjusted OR, the variable was considered to be a confounder and was included in a final multivariable logistic model. Interactions between preferred language and other covariates included in the model were examined and tested in order to rule out differential effects of the covariates by language. The data were analyzed using SUDAAN version 10 (Research Triangle Institute). Sampling weights were included in all analysis. These sampling weights take into account the disproportionate stratified sampling design of the BRFSS. Additionally, the weights are adjusted post-stratification to accommodate non-response and noncoverage within the sample [20] .
Results
The final analysis sample for receipt of mammography included 162,256 BRFSS respondents representing 36. greater percentage of non-Latinas had health insurance, a health care provider, and higher education and income levels compared with Latinas responding-in-English, who in turn had greater percentages of these characteristics compared with Latinas responding-in-Spanish. (Table 1 .)
Breast Cancer Screening Table 2 represents the unadjusted and adjusted mammography results for non-Latinas, Latinas responding-in-English, and Latinas responding-in-Spanish. The unadjusted odds ratios (ORs) for mammography screening for both Latinas responding-in-English and Latinas responding-in-Spanish were lower than for non-Latinas. However, for both Latina groups the adjusted ORs were higher than for non-Latinas. 19 ). In the sample without health insurance, in crude analysis both the Latinas responding-inEnglish and Latinas responding-in-Spanish groups had higher odds of receiving mammography compared to nonLatinas. These ORs increased for both groups of Latinas in the adjusted analysis. (Table 2) . ORs that were significantly higher than for non-Latinas. (See Table 3 .)
Discussion and Conclusion
The purpose of this study was to examine the association between BRFSS language preference, English versus Spanish, and reported receipt of mammography and Pap smear screening tests among Latina and non-Latina women. Our previous analyses of the 2006 BRFSS revealed that compared to non-Latinos and Latinos responding-in-English, Latinos responding to the BRFSS in Spanish had lower adjusted odds of reporting receipt of colorectal cancer screening tests. Thus, we hypothesized that Spanish language use among Latinas would have a similar negative association with reported mammography and Pap smear testing. The results of these analyses, however, suggested ''reversed associations'' in that although the unadjusted odds for mammography and Pap smear testing are lower among Latinas, the adjusted odds were actually greater for Latinas responding-in-Spanish than they were for non-Latinas. Similarly, but to a lesser extent, the adjusted odds were greater for Latinas responding-in-English compared to non-Latinas although there was no statistically significant difference between Latinas responding-in-English and non-Latinas in the Pap smear analysis.
Reversed associations such as those found in this study have been seen in a series of analyses of population level datasets. Rakowski et al. [21, 22] . explored the phenomenon of reversed association in mammography screening for non-White racial/ethnic groups. Using several years of BRFSS and National Health Interview Survey (NHIS) data to assess the association of race and ethnicity with receipt of mammography, Rakowski et al. found that across all years of the BRFSS surveys analyzed, the unadjusted odds ratios for Latina women were less than 1.00 and significantly lower than for non-Latina White women, however the adjusted odds ratios were greater than 1.00 and statistically significant. This reversal phenomenon was particularly large for Latina women.
Our results are similar to those found in Rakowski's analysis of the BRFSS data in that both Latinas respondingin-English and Latinas responding-in-Spanish had crude odds ratios less than 1.00 for receipt of mammography and Pap smear. On adjusted analysis, reversals of association were particularly striking for Latinas responding-in-Spanish as this group had significantly higher adjusted odds ratios for both mammography and Pap smear testing when also stratified to those with and without health insurance. Our results suggest that language and insurance status may be major contributors to the reversed associations among Latinas described by Rakowski et al. Of note, we also considered the role of socioeconomic status (SES) and examined SES within insurance strata but observed no differential effect across SES levels on the exposure variable.
Several possible explanations exist for the results we have shown. Perhaps the advent of programs increasing availability of screening studies previously not available may account for higher adjusted screening rates. Indeed, in the last two decades many programs targeting ethnic minorities and the medically underserved have sought to educate women about the importance of screening and to make mammography and Pap smear testing accessible and available free-of-charge. For example, the CDC and statesponsored National Breast and Cervical Cancer Early Detection Program (NBCCEDP) helps low-income, uninsured, and underinsured women gain access to screening and diagnostic services including mammography and Pap smear testing [23] . Since 1991, the NBCCEDP has served more than 3.9 million women, provided more than 9.8 million screening examinations, and diagnosed 52,694 breast cancers, and 2,856 invasive cervical cancers [24] . Some authors have suggested that the success of the NBCCEDP may contribute to the adjusted reversals observed in their studies.
The success of programs such as the NBCCEDP in targeting underserved women may also help explain the differences in the direction of associations observed in the present study and in our previous BRFSS analysis showing a negative association between Spanish language use and CRC screening. Only recently did the CDC start a colorectal screening program similar, but on a smaller scale, to NBCCEDP programs for women's cancers. Thus, the everyday barriers that the NBCCEDP circumvents were likely present for the population identified for CRC screening, but with no or limited availability of such a public program at the time of survey. It is also possible that prior research pointing to language as a barrier to cancer screening, as well as subsequent efforts to train physicians and community outreach workers may have resulted in increased utilization of health care services by Latina women.
Several limitations of this study are noteworthy. First, we categorized respondents as responding-in-English versus responding-in-Spanish based on respondents' language in the BRFSS. Although this may represent respondents' language preference, respondents who answered in Spanish may also be proficient in English and vice versa. This may under-represent the number of English speakers and overrepresent Spanish speakers, and furthermore may account for higher adjusted screening rates seen in Spanish-speaking Latinas if part of this population is actually proficient in English. In addition, as a telephone survey of non-institutionalized adults, the BRFSS may not be representative of those of lower SES who may not have telephones and of those who primarily use cellular phones. This may have also falsely elevated the adjusted odds ratio for Spanishspeaking Latinas. Of particular concern with the BRFSS is the finding by Link et al. who used race, ethnicity, and language variables from the 2000 US Census data with 2003 BRFSS data and estimated that counties with larger percentages of Spanish-only speakers had lower BRFSS participation rates compared with counties in which all respondents spoke English. Finally, the definitions of the screening outcome variables are a potential limitation as we relied on self-report and individuals may not accurately remember when their last screening exams were conducted and whether they were exams done for screening or for the evaluation of symptoms. Self-reported answers can also be affected by social desirability bias in which respondents provide the perceived correct answer instead of accurate reporting of screening practices.
The results of the present study further confirm that there is a relationship between Spanish language use and receipt of screening mammography and Pap smear for screening. Unlike other studies of language use and cancer screening services, the data suggests that Spanish-speaking Latinas have higher adjusted odds of receiving mammography and Pap smear as compared to their English-speaking peers. Furthermore, this study contributes to the investigation of reversals by identifying language, particularly in those without insurance, as a potentially key variable contributing to the reversal phenomenon observed among Latinas. Future analyses of large population based datasets such as the BRFSS should consider including language as a standard covariate, as not doing so may lead to missed opportunities to identify and target at-risk groups.
